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principle component analysis, were reported over pregnancy or over the post-partum period 14,
76
15 . However, it is unclear whether diet quality assessed through diet quality indices is 77 modified longitudinally across pregnancy and the post-partum period. 78
79
There is additionally evidence that overweight and obese women consume a poorer quality 80 diet during pregnancy with reduced grain, vegetable, iron and folate intake and poorer overall 81 diet quality compared with women of healthy weight [16] [17] [18] . While it is estimated that up to 50% 82 of Australian women are overweight or obese during pregnancy 19 , there is limited data 83 examining changes in diet specifically in this population of women. Woolf et al have reported 84 increases in energy intake from 15 to 27 weeks 6 , although to our knowledge there are no 85 studies examining longitudinal changes in dietary quality in overweight and obese women 86 through pregnancy and post-partum. The aim of this study was to perform a comprehensive 87 assessment of energy, macronutrient and micronutrient intake, and dietary quality over the 88 course of pregnancy and post-partum in overweight and obese women. 89 determined approximations of nutrient intake by a group (or groups) of apparently healthy 151 people that are assumed to be adequate 5 . 152
154

Healthy eating index 155
The 2005 Healthy Eating Index (HEI), developed by the US Department of Agriculture, was 156 used as a measure of diet quality and variety 29 . It consists of 12 components which are all 157
given a score to a maximum score of 100. The first 6 components, total fruit (including 100% 158 juice), whole fruits (excluding juice), total vegetables, dark green and orange vegetables, 159 vegetables and legumes (legumes included as a vegetable only after the Meat and Beans 160 standard was met), total grains and whole grains categories have a score out of five. The next 161 five components milk (all products made from cow's and goat's milk and soy beverages and 162 excluding infant formulas and products that are primary fat such as butter, cream, sour cream 163 and cream cheese), meat and beans (meat products, eggs, nuts, seeds, soy-based products and 164 legumes), oils (fats that are liquid at room temperature, from a plant source and not described 165 as 'hydrogenated' or 'shortening' including oils from plant, fish, nuts and seeds or 166 margarines), saturated fat and sodium have scores out of 10. The final component of the HEI 167 includes calories from solid fats (all excess fat from the Milk and Meat and Beans 168 components beyond that would be consumed if only the lowest fat forms were eaten, solid 169 fats added to foods in preparation or at the table including cream, butter, stick margarine, 170 regular or low-fat cream cheese, lard, meat drippings, cocoa and chocolate), alcoholic 171 beverages and added sugars (SoFAAS) and has a score out of 20. A HEI score above 80 is 172 considered good, a score between 50-80 needs improvement and scores below 50 are 173 considered poor with these scoring criteria determined by the proportion of people within 174 these categories meeting nutrient sufficiency (defined as meeting 75% of the recommended 
Healthy Eating Index 210
There was a significant change of the HEI during pregnancy and post-partum (Table 2) . HEI 211 declined significantly between study entry and 28 weeks' gestation (P<0.001) and was 212 maintained at this lower level at 4 months post-partum (P<0.001) reflected by significant 213 changes in the milk, meat, oil, and energy from SoFAAS scores. The milk and meat scores of 214 the HEI also significantly decreased between study entry and 28 weeks' gestation (P<0.001) 215
and were maintained at this lower level at 4 months post-partum for the meat score (P<0.001). 216
The energy from SoFAAS scores of the HEI decreased between study entry and 28 weeks' 217 gestation (P<0.001), decreased further from 36 weeks gestation to 4 months post-partum 218 (P<0.001) predominantly related to an increase in alcohol consumption post-partum and were 219 maintained at this lower level at 4 months post-partum (P<0.001). This indicates an overall 220 decrease in milk and meat and increase in calories from SoFAAS over the entire study 221 duration. The oil score of HEI declined significantly between study entry and 28 weeks' 222 gestation (P<0.001), followed by a further decline to 36 weeks' gestation (P<0.001), 223 representing a decrease in non-saturated oils. The oil score increased further at 4 months postThere was no significant effect on further analysis for BMI, parity, SEIFA, hospital 226 recruitment site or trimester at trial entry as between group factors. At study entry HEI 227 correlated significantly with age (r=0.21 P<0.001) but none of the other baseline covariates. 228 On adjustment for breast-feeding status, there was a significant difference in change in HEI 229 for the total score (P<0.001) and the calories from SoFAAS scores (P<0.001). This occurred 230 from 36 weeks gestation to 4 months post-partum for both the total score and calories from 231 SoFAAS (P<0.001) such that the women who were breastfeeding had a decrease in total HEI 232 (P<0.001) and a increase in calories from SoFAAS (P<0.001) compared to no significant 233 change in total HEI (P=0.220) and calories from SoFAAS (P=0.100) for the women who were 234 not breastfeeding. 235
236
A multiple linear regression model was constructed to assess independent predictors of the 237 change in HEI from trial entry to 4 months post-partum including age, BMI, ethnicity, 238 smoking, parity, SEIFA, breastfeeding status, hospital recruitment site or trimester at trial 239 entry. SEIFA socio-economic score was the only significant predictor of the change in dietary 240 quality (β=-0.011, SE=0.011, P=0.031). A 1 unit increase in SEIFA, reflecting improved 241 social advantage, was associated with a 0.011 decrease in the change in HEI. 242
243
Macronutrients and micronutrient intake 244
Energy intake did not change over the entire study duration and was not significantly different 245 between trial entry and post-partum (8209.3±2533.4 versus 8226.1±2546.0 kJ/day, P=0.179). 246
There was no significant change in the intake of the majority of macronutrients over the 247 course of pregnancy and 4 months post-partum (Table 3) . Alcohol consumption declined 248 significantly between study entry and 28 weeks' gestation (P<0.001), followed by a small but 249 significant increase to 36 weeks' gestation (P<0.001), before increasing at 4 months postpartum to levels similar to baseline (P<0.001). There was a significant change in caffeine 251 consumption due to an increase from 36 weeks gestation to 4 months post-partum (P<0.001). 252
There was no significant effect on further analysis for BMI, parity, SEIFA, hospital 253 recruitment site or trimester at trial entry. On adjustment for breast-feeding status, there was a 254 significant difference for the change in energy (P<0.001), protein (P=0.008) and fat (P<0.001) 255
intake. This occurred from 36 weeks gestation to 4 months post-partum for energy (P<0.001), 256 protein (P=0.008) and fat (P<0.001) such that the women who were breastfeeding had a 257 increase in energy (P<0.001), protein (P=0.001) and fat (P=0.001) compared to no significant 258 change in energy (P=0.237), protein (P=0.088) and fat (P=0.069) for the women who were 259 not breastfeeding. 260
261
For micronutrient intake from both dietary and supplement sources, a significant change was 262 observed for calcium, iron, zinc, vitamin A equivalents, niacin, vitamin B6, vitamin C, and 263 folate over the entire study duration (Table 3 ). For calcium, iron, zinc, vitamin A equivalents, 264 vitamin B6 and vitamin C, a decrease was observed from 36 weeks gestation to 4 months 265 post-partum. A similar pattern in supplement use was observed over this time period. 266 Supplement use remained stable over pregnancy with 33.7% of women taking supplements at 267 study entry, 30.5% at 28 weeks gestation and 29.9% at 36 weeks gestation. Supplement use 268 then declined in the post-partum period (P<0.001) to 24.4% which was significantly lower 269 than baseline levels (P<0.001). For niacin and folate, a decrease in intake was observed from 270 study entry to 28 weeks gestation followed by a further decrease from 36 weeks gestation to 4 271 months post-partum. There were no changes in any micronutrient intake from dietary sources 272 alone over the entire study duration. These results were maintained following further analysis 273 for adjusted nutrient intake (per 1000 kcal) (data not shown). There was no significant effect 274 on further analysis for BMI, parity, SEIFA, hospital recruitment site or trimester at trial entry.
When adjusting for recruitment pre or post September 2009 to account for mandatory 276 fortification of the Australian food supply with folic acid, no significant differences for folic 277 acid intake from dietary sources alone or from dietary and supplement sources was reported 278 (data not shown). 279
280
Comparison of dietary intake with recommendations 281
A comparison of HEI and macronutrient and micronutrient (dietary and supplement) intake is 282 presented in Table 4 . High or average HEI scores were present for 69% at trial entry, 65% of 283 women at 28 weeks' gestation, 58.4% at 36 weeks' gestation, and 54% at 4 months post-284 partum, indicating a modest deterioration in diet quality. The majority of the women had 285 intakes of most macro-and micronutrients equivalent to or above the recommendations at all 286 time points with the exception of fibre, magnesium, manganese, pantothenic acid, and copper. 287
With regards to key pregnancy related micronutrients, over 40% of women did not consume 288 sufficient iron or calcium during pregnancy while adequate folate was consumed by over 80% 289 of women in the first trimester which decreased to 65-71% at week 36 for women recruited 290 either before or after September 2009. 291
292
Discussion 293
This study supports previous reports of poor diet quality during pregnancy and post-partum 294 for overweight or obese women 9, 17, 18, 31, 34 . We furthermore expand this literature to report 295 for the first time that dietary quality significantly decreased across pregnancy and was not 296 improved during the post-partum period in overweight and obese women. 297
298
We report here similar energy and macronutrient intake to previous studies assessing women 299 in pregnancy or post-partum [7] [8] [9] . As previously reported, no changes in energy ormacronutrient intake occurred from the early second trimester to post-partum 35 with the 301 exception of alcohol 7 . Supplement use was low and micronutrient intake poor for key 302 pregnancy related micronutrients including iron and calcium. While poor diet quality was 303 present only in 31% of women at trial entry, this increased to nearly 50% of women post-304 partum with fruit and vegetable scores comprising on average 60%, milk and dairy 50% and 305 total grains 40% of the maximum score. This is in contrast to previous studies which have 306 reported higher intakes of grains and meat post-partum 34 in overweight or obese women. 307
However, we confirm findings of a poor milk, meat and whole grains and fruit and vegetable 308 intake 18, 34 and elevated consumption of SoFAAS 18, 34 in pregnancy and post-partum. 309
310
We report here for the first time a decrease in diet quality over pregnancy in overweight and 311 obese women which was maintained post-partum. This is consistent with previous reports of a 312 negative correlation between HEI and week of gestation 18 . However, other research reported 313 no differences in the HEI between women who were pregnant, post-partum or not pregnant 9, 314 31 . The decrease in diet quality was independently inversely associated with SEIFA indicating 315 a lesser decrease in diet quality was associated with decreased social disadvantage consistent 316 with previous inverse associations between diet quality and income and education 38 . We note 317 the use of SEIFA as a surrogate of socioeconomic status which should not be used as a proxy 318 measure for individual or familial disadvantage 21 and the contribution of factors such as 319 income, education or occupation to dietary changes across pregnancy warrant assessment in 320 future studies. In contrast to previous research 17 , we observed no association between BMI 321 and diet quality. This may be because all the women in this current study were overweight or 322 obese. However, these results cannot be specifically attributed to the overweight and obesity 323 status of these women as we lack a comparative population of women of healthy weight.quality partially mediated by factors including socioeconomic status. While some research 326 reports a lack of change in dietary patterns across pregnancy 15 , others suggest changes may 327 occur following women learning they are pregnant, after receiving counseling at the initial 328 prenatal visit, or following resolution of nausea or vomiting after the 1st trimester 7 . At trial 329 entry women were either in the first (23%) or second trimester (78%). While this introduces 330 potential bias relating to modified dietary intake in association with increased likelihood of 331 nausea with early pregnancy 36 or greater modification of diet in the second trimester 332 following a longer period of being aware of their pregnancy, we note no difference in our 333 statistical analysis on adjustment for trimester at trial entry. 334
335
The reduction in diet quality in this study was contributed to by a decrease in milk and meat 336 intake consistent with some 39, 40 but not all previous studies 7, 14, 39 . This may be related to 337 specific food avoidances in pregnancy with an increased aversion to meat and fish (27% and 4% 338 of women) previously reported 40 and an increased proportion of pregnant women avoiding 339 raw meat, fish, shellfish and milk cheese and organ meat compared to non-pregnant women 41 . 340
Recent Australian data has also reported pregnant women with a lower intake of Listera-341 containing foods have lower micronutrient intakes 42 , suggesting greater avoidance of foods 342 from the milk, meat and unsaturated oils components may be related to a greater avoidance of 343 potential sources of Listeria monocytogenes. We also observed an increase in the proportional 344 intake of calories from SoFAAS consistent with previous reports of an increase in a high 345 energy diet score during pregnancy but no change in a prudent diet score 14 and lower alcohol 346 intake in pregnant compared to non-pregnant women 41 . A lack of improvement in diet quality 347 during pregnancy has been previously proposed to be related unplanned pregnancies which do 348 not allow sufficient time for positive nutritional changes 43 . In this current study the decrease 349 in diet quality primarily occurred from early pregnancy to 28 weeks gestation, highlightingearly pregnancy as a critical stage for targeting dietary interventions. The lack of 351 improvement in diet quality following birth is not surprising given that the post-partum period 352 is associated with challenges in achieving a healthy diet in addition to adjusting to life with a 353 new baby 44 . Furthermore, breast feeding status was associated with decreases in diet quality 354 and increases in total energy, protein, fat and calories from SOFAAS from late gestational to 355 post-partum in keeping with previous reports of poorer diet quality 34 or higher energy intake 356 or discretionary calories 37 for women who were breastfeeding compared to not breastfeeding. 357
It is possible that more positive dietary changes may be initiated subsequently, supported by 358 reports of decreases in energy intake at 6-12 months post-partum 45 . 359
360
In our study, micronutrient intake was insufficient for many women consistent with previous 361 findings 9, 31, 46 . In particular, over 40% of women did not consume an adequate iron or 362 calcium intake from both dietary and supplement sources during pregnancy and post-partum, 363
with implications for the development of anaemia 47 . Micronutrient intake from both dietary 364 and supplement sources declined over the course of our study. Previous Australian studies 365 have reported higher levels of supplementation in the first trimester of pregnancy 48 in 366 keeping with national recommendations for folate supplementation 5 . This may reflect the 367 gestational age at which women were recruited to the study, and current recommendations 368 indicating supplementation to continue only during the first trimester of pregnancy. Our 369 finding of a key contribution of supplement use to micronutrient intake in pregnancy is also 370 consistent with previous reports 49, 50 , highlighting the need for both appropriate education, 371 particularly in relation to dietary sources of micronutrients. 372 participants were relatively similar to population data for South Australian pregnant women, 376 indicating the generalisability of this data. We prospectively collected food, nutrient and 377 supplement intake information at multiple time points during pregnancy and after birth, 378 reducing inter individual variability and capturing longitudinal changes in dietary intake. 379
While standard antenatal care differed between the hospital recruitment sites which could 380 potentially result in differences in dietary intake, we note this did not affect our analysis for 381 the HEI, macronutrient intake or micronutrient intake. We utilised a FFQ in contrast to more 382 intensive assessments of food intake, as this was considered a tool preferable given the study 383 duration and costs associated with the large sample size of the complete study (n=2180 384 women) 51 . The Willett FFQ has been previously validated and utilised in pregnancy [24] [25] [26] 385 including in Australian pregnant women 52 and in a longitudinal way facilitating comparison 386 over multiple time points 27 . However, the applicability of the Willett FFQ to the Australian 387 food supply depends on the similarity of the food supplies with regards to factors including 388 levels of food fortification. As our study recruitment overlaps the time frame for Australian 389 
